We report a case of Propionibacterium acnes septic arthritis of a shoulder following two joint access procedures. Methodical investigation of these two procedures was performed using the Joint Commission root cause analysis matrix, which involved examination of protocols, interviews with technologists and physicians, and inspection of the procedure rooms and equipment. No procedural error or other causal factor for infection was found other than the injection through a five day-old tattoo during the first procedure. We could find no other reported cases of Propionibacterium acnes seeding a joint via an arthrogram needle. This may be an underreported phenomenon or could be a unique case. In either instance, the occurrence bears notice by anyone performing joint access procedures.
CASE REPORT
A 24 year-old male right handed former collegiate throwing athlete presented to his primary care physician with a two year history of right shoulder pain ranging in severity from 1/10 to 5/10. His physician suspected a labral tear and an MRI arthrogram was ordered. Five days prior to his procedure the patient had a tattoo placed that covered his entire upper chest and the anterior aspect of both shoulders. He neglected to mention the recent placement of this tattoo to the radiologist performing the procedure and there were no visible indicators of inflammation. He denied any post procedure pain and had a normal MRI arthrogram (see Figure 1 ). He followed up with orthopedics five days later and reported 4/10 pain without constitutional symptoms and an exam remarkable for a positive Hawkins sign. He was treated with a subacromial steroid injection with relief of symptoms and released to physical therapy.
Over the following month of physical therapy the patient continued to report 3/10 pain and decreasing range of motion (ROM). At his next orthopedic follow up he reported 3-4/10 pain that increased with anterior and lateral movement and decreased ability to raise his right arm secondary to pain. Vitals signs were normal and he denied constitutional symptoms. Radiographs were obtained that showed only mild inferior subluxation of the humeral head ( Figure 2 ). The differential diagnosis was expanded to include bicipital tendonitis, Parsonage-Turner syndrome, adhesive capsulitis, or aseptic inflammation from the previous arthrogram. Bicipital groove and glenohumeral joint steroid/anesthetic injections were performed with minimal relief. He was released back to physical therapy for another month.
At his next orthopedic follow up, he reported continued pain and decreased shoulder function. Muscle atrophy of the shoulder girdle was noted. A subacromial steroid injection was performed with improvement in pain and symptoms. An MRI C-spine and repeat shoulder MRI were ordered. The MRI Cspine was normal but the shoulder MRI revealed joint effusion, superior rotator cuff tear, articular cartilage loss and possible labral tear, intra-articular biceps tendon rupture and extensive edema in the supraspinatus and infraspinatus muscles as well as focal subcortical edema in the superior postero-lateral humeral head (See Figure 3 ). The radiologist initially postulated the findings could represent post-traumatic
injuries from anterior-inferior dislocation/relocation. Joint infection was suspected after consultation between the radiologist and orthopedic surgeon revealed no known history of trauma and on noting the additional finding of significant articular cartilage loss.
Labs showed erythrocyte sedimentation rate of 12 mm/hr (normal 0-22), C-reactive protein of 0.55 mg/dL (normal < 3.0), and white blood cell count 6,500 (normal 4,000-11,000). Right shoulder radiographs revealed irregularity of the subchondral bone of the humeral head and severe joint space narrowing, new from the prior (See Figure 4 ). Right shoulder joint aspiration was performed without immediate return of fluid, requiring normal saline infusion and aspiration to acquire a serosanguinous sample. The gram stain was negative and patient was taken to the operating room the same day for washout. Operative findings included severe chondrolysis, rotator cuff fraying and biceps tendon rupture. No pus was encountered and bone biopsy and culture were obtained. The patient was admitted and an infectious disease consultation was requested. The patient was started on empiric intravenous (IV) vancomycin and ciprofloxacin and the next day the antibiotics were switched to IV daptomycin and oral ciprofloxacin and he was discharged with outpatient IV antibiotics therapy and continued physical therapy. He was evaluated by neurology with electromyography performed and diagnosed with brachial plexopathy with differential consideration of multiple peripheral neuropathies.
Joint aspirate culture was initially negative, and tissue cultures were positive for light Staphylococcus aureus. Given the slowly progressive clinical course which is atypical for Staphylococcus aureus joint sepsis, the orthopedic surgeon requested that specimens be kept longer to culture for Propionibacterium acnes (P. acnes) which he knew could cause an indolent infection. The final aspirate and tissue cultures were positive for P. acnes with confirmation from Infectious Disease as the most likely etiological agent, and Staphylococcus aureus most likely a contaminant. Final histopathology of the bone and soft tissue biopsies from the Joint Pathology Center yielded lymphoplasmacytic infiltrate without necrosis indicating chronic inflammation of nonspecific etiology. Electron microscopy of the samples was negative for the presence of gadolinium. After completing antibiotic therapy, the patient's post-infectious osteoarthritis progressed, but with improved muscular function and unfortunately had to undergo hemi-arthroplasty within a year.
Etiology & Demographics:
Glenohumeral joint sepsis is an acknowledged, uncommon, complication of intra-articular injections [1, 2] . In our case a young male suffered a right shoulder joint infection that caused severe early onset degenerative joint disease. Septic arthritis predominantly affects the weight bearing joints of the knees and hips (approximately 60 percent) [2] with only about 3 percent of cases affecting the shoulder joints [3] . It is very uncommon for septic arthritis of the shoulder to occur after an MRI with gadolinium arthrogram [4] . P. acnes infections are most commonly associated with acne in teenagers and young adults, in surgical wound infections and in invasive deep-seated infections, usually in the setting of an implantable device. It is an uncommon cause of joint infections outside of surgical procedures and shows a predilection for the shoulder joint over other joints [5] . P. acnes inhabit sebaceous glands and follicles in skin where antiseptic solutions do not penetrate well [6, 7] . P. acnes is a member of the Actinobacteria phylum of microorganisms, and is a gram-positive anaerobic bacillus which is nonmotile, slowgrowing and of low virulence. This bacterium is capable of adherence and biofilm formation which explains its association with prosthesis infections. Given the low virulence of this bacterium, the infections they cause are usually indolent and clinical manifestations may be delayed for months or even years [8] and are not characterized by classic infection or inflammatory symptoms. These infections are more common in men than in women [9] , possibly due to men having more sebaceous glands and hair follicles. Neither perioperative topical antisepsis nor intravenous cefazolin is effective in eliminating P. acnes colonization [10] . These organisms can be difficult to identify because of their slow growth, especially in samples that contain other common, readily recovered organisms and they can easily be missed if cultures are discarded after the typical three to five days of incubation.
Clinical & Imaging findings:
Synovial joints are a hospitable environment for bacteria and can be seeded either by direct inoculation/contiguous spread or by hematogenous route. Risk factors such as recent invasive procedures, indwelling hardware, infection of another organ system, chronic arthritis, or intravenous drug use may be noted. Early infections may present with local and systemic inflammatory signs and symptoms and progress to joint erythema, warmth, pain and stiffness. Decreased ROM and pain with passive ROM are often present. Usually a clinical diagnosis is made by history, exam and arthrocentesis. Imaging studies may be important in unusual cases where clinical indicators are uncertain or if synovial fluid cannot be obtained. Radiographs may be normal at the early stages of the disease. Joint effusion may be evident, manifesting as joint space widening or subluxation of the humeral head if involving the shoulder. As the disease progresses, there will be periarticular osteopenia, narrowing of the joint space secondary to cartilage destruction, loss of subchondral bone on both sides of the joint and, if left untreated, reactive juxtaarticular sclerosis and ankylosis. Though not used in our case, ultrasound can be a useful imaging modality for evaluating joint effusions, particularly in children. Typically it will demonstrate a joint effusion with echogenic debris. Color Doppler may show increased peri-synovial blood flow. Computed tomography (CT) was not used in our case, but is more sensitive than plain films for the detection of early bone destruction and effusion and there may be a fat-fluid level in the absence of trauma. MRI is most sensitive for early cartilage damage, showing thinning and/or pitting of and hyperintense T2 signal within the articular cartilage. Loss of T1 weighted signal in the bone marrow and marrow enhancement indicate concomitant osteomyelitis. Perisynovial edema and joint effusion will be most apparent on T2 images. Synovial enhancement and the presence of a joint effusion
DISCUSSION
have been reported to have the highest correlation with the clinical diagnosis of a septic joint [11] .
Treatment & Prognosis:
Left untreated, classic septic arthritis can result in permanent joint damage within 48 hours. However, P. acnes can cause a slow, indolent infection and cases of hardware infection have been reported more than two years after surgery. Because this bacterium can form a biofilm the usual treatment is removal of any hardware [12, 13] and surgical debridement of the joint. Antibiotic therapy is then guided by antimicrobial susceptibility and tailored to the specific organism. P. acnes is usually very susceptible to penicillins, clindamycin, cepalosporins, and carbapenems, and most laboratories do not routinely perform susceptibility testing for this pathogen [14] . Infectious disease consultation is highly recommended if P. acnes is suspected or isolated in culture.
Differential Diagnosis:
The shoulder radiographic findings of inferior subluxation of the humeral head could be due to a joint effusion, large labral tear, acute rotator cuff tear or rotator cuff muscle/nerve paralysis.
The second shoulder MRI revealed joint effusion, superior rotator cuff tear, cartilage loss and possible labral tear, intraarticular biceps tendon rupture and extensive edema in the supraspinatus and infraspinatus muscles. The differential diagnosis includes:
Trauma
Normally a history of severe trauma including a dislocation event would be provided, which would help to explain this degree of injury. In the absence of any history of trauma this diagnosis was excluded.
Parsonage-Turner
Also known as brachial neuritis or neuralgic amyotrophy, Parsonage-Turner Syndrome is a peripheral nerve disorder characterized by rapid onset of pain in the shoulder and arm, thought to be the result of an abnormal immune-mediated response to insult such as trauma or infection, but can be idiopathic. Routine chest and spine films may show altered posture secondary to muscular weakness or reveal secondary bone injury. MRI may be normal initially, but will eventually show increased T2 signal in the associated muscles due to denervation, followed by streaks of high T1 signal and reduced muscle mass from fatty atrophy. This was likely a co-existing disease process in our patient.
Charcot Arthropathy
Charcot arthropathy is an uncommon neuro-arthropathy seen among diabetics of uncertain pathogenesis that is probably due to a combination of mechanical and vascular factors resulting from peripheral neuropathy and metabolic bone abnormalities. This commonly presents with sudden onset of unilateral warmth, redness, and edema over the joint, and in the shoulder should raise concern for syringomyelia [15] . Early plain films may be nonspecific, showing only soft tissue edema, loss of joint space, or osteopenia. In later stages, bone resorption may predominate with possible fragmentation or total resorption of the humeral head. MRI will show decreased T1 signal in the periarticular bone marrow and increased T2 signal due to edema, as well as patchy hyperenhancement and hypoenhancement in the periarticular soft tissues due to neurogenic edema and necrosis. Diagnosis is made based on history, physical and radiographic findings and infection should be excluded.
Rheumatoid Arthritis
Rheumatoid arthritis is an autoimmune inflammatory polyarthropathy that can have a waxing and waning or progressive course. It causes synovial hyperplasia that leads to painful joint swelling and erodes the subchondral bone at the joint margin. The aberrant inflammatory process also causes diffuse articular cartilage loss. Patients have warm, swollen and tender joints, usually affecting the small joints in the distal extremities, but eventually more proximal larger joints. A variety of extra-articular manifestations of the disease may be present. Early radiographs are usually without osseous abnormality, but with progression, periarticular demineralization and marginal erosions with axial joint space narrowing are evident. MRI will show synovial thickening and T2 hyperintensity which may mimic a joint effusion, but enhancing post-contrast in contra-distinction to the peripheral synovial enhancement of a septic joint with joint effusion. Articular cartilage loss will be evident. Subchondral marrow signal changes may also be present.
Septic Joint
Clinical and imaging findings of joint sepsis were detailed previously.
Summary
This young patient has suffered a severe deterioration of the right shoulder joint due to an infection that was likely the result of an inoculation from one of the two joint access procedures that occurred at the time of the first normal MRI arthrogram and before the markedly abnormal second MRI without contrast. Methodical investigation of these two procedures using the Joint Commission root cause analysis matrix, which involved examination of protocols, interviews with technologists and physicians, and inspection of the procedure rooms and equipment revealed no procedural error or other causal factor for infection other than the injection through a five-day old tattoo during the first procedure. The patient's clinical worsening during the period between the two procedures also implicates the first procedure. There was no illness or any other skin injury or procedure to suggest a hematogenous route of infection. Of note, a stylet needle was used for the procedure which should minimize the volume of tissue translocation into the joint. Because a thorough review of the literature did not reveal a previously reported case of a tattoo-related joint infection, and no procedural error was discovered, the infection could only be theoretically linked to the tattoo. This patient's clinical course was confounded by the slow progression and concomitant development of a brachial plexopathy (likely Parsonage-Turner Syndrome), which delayed the diagnosis of septic joint.
Arthrography is considered a safe procedure with an established incidence of infection around 0.003% [16] ; however, infection can cause severe permanent arthritis, osteomyelitis or even secondary necrotizing fasciitis [17] any of which can be devastating. A literature review from 1966 to 2006 showed that infection was the most common complication of musculoskeletal injections [18] . In a series of 19 patients treated arthroscopically for shoulder sepsis, 15 had the joint accessed with a needle prior to the infection [2] . Staphylococcus aureus is the leading cause of septic arthritis, accounting for more than 60% of cases [19] , while P. acnes is an uncommon causal organism and it has been associated with shoulder surgery rather than joint injections and is commonly cultured from skin [20] . Given that the infection occurred in the absence of surgery, and in consideration of the patient's clinical timeline, it is believed that the infection was a result of the arthrogram shoulder injection and the presence of skin and subcutaneous inflammation related to the recent tattoo placement probably increased the risk of transmission of skin flora into the joint.
An arthrogram through a new tattoo may increase the risk of joint sepsis, which could have an indolent course and not be suspected clinically. The diagnosis should be considered on follow-up imaging where a joint effusion, cartilage loss and subchondral marrow signal changes are present, and Parsonage-Turner Syndrome though uncommon is a possible co-morbidity. 
Etiology
Propionibacterium acnes is a relatively common cause of shoulder infection following orthopedic surgery, but this is the only case we can find of it being caused by a radiologic procedure.
Incidence
Overall joint sepsis following arthrogram is on the order of 0.03%, with only about 3% of these involving the shoulder. Incidence of joint sepsis related to a tattoo is unknown.
Gender ratio
More common in men due to men likely due to more sebaceous glands and hair follicles around the shoulder.
Age predilection
No known predilection
Risk factors Shoulder surgery
Treatment Surgical debridement and appropriate antibiotic therapy.
Prognosis
Loss of joint function depending on degree of necessary debridement, virulence of infection, and length of infection. 
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